INTRODUCTION
Cardiac amyloidosis can result from any of the systemic amyloidoses. The disease is often characterized by a restrictive cardiomyopathy, although the particular signs and symptoms depend in part on the underlying cause. The treatment of cardiac amyloidosis depends on the underlying etiology. As therapies include conservative management, chemotherapy, autologous stem cell transplantation, and solid organ transplantation, identifying the cause of amyloid deposition is critical to determining a treatment regimen. However, the diagnosis of the type of cardiac amyloidosis is not always straightforward. We present here an unusual case of cardiac amyloidosis that highlights the potential difficulties in determining the cause of amyloid deposition before initiating therapy.
CASE DESCRIPTION
A 65-year-old Caucasian male with a history of hypertension and coronary artery disease was transferred from an outside hospital with shortness of breath, orthostatic hypotension, and lower extremity edema.
His shortness of breath began approximately 8 months earlier with dyspnea on exertion. His symptoms gradually progressed and he began to have frequent syncopal episodes. During one of these episodes he was found to be bradycardic, prompting insertion of a dual chamber pacemaker at the outside hospital. He continued to have syncopal episodes despite pacemaker placement and was readmitted to the outside hospital after a fall for further evaluation. During this admission he suffered an asystolic arrest. Spontaneous circulation returned after approximately 5 minutes of cardiopulmonary resuscitation. He was subsequently transferred to our hospital for further management.
On arrival to our hospital he complained of mild dyspnea at rest and marked dyspnea on exertion. He described stable 3 pillow orthopnea for the last 2 months. He denied any cough or chest discomfort. He had not noted any palpitations, even in the setting of his prior syncopal episodes. He did complain of mild diffuse abdominal pain that had worsened over a severalday period.
On physical examination he was ill-appearing, afebrile, with a blood pressure of 106/62 and heart rate of 68. He was breathing at a rate of 27 breaths per minute and his oxygen saturation was 94% on 3 L of oxygen by nasal cannula. His jugular venous pressure was markedly elevated at 18 cm with a rapid y descent and a positive hepatojugular reflux. Cardiac exam revealed a regular rate and rhythm with an audible third heart sound. On lung exam, he had bilateral rales at the bases. His abdomen was tense, distended, and tender diffusely to palpation. A prominent fluid wave was appreciated. He had 3+ edema in the lower extremities to the thigh as well as 3+ sacral and scrotal edema.
Laboratory values on admission are shown in Table 1 . Urinalysis showed 3+ protein. Electrocardiogram revealed first-degree AV block, low voltage QRS complexes in all leads, and evidence of an inferior infarct of unknown age (see Fig. 1 ).
Twenty-four-hour urine protein collection revealed nephrotic range proteinuria of 5.95 g. Serum protein electrophoresis demonstrated a spike of 1.8 g/dL in the gamma globulin region. Immunofixation revealed an IgG lambda monoclonal gammopathy. Urine protein electrophoresis showed a band of restricted mobility in the IgG lane with a corresponding band in the lambda lane. Immunofixation confirmed the presence of a monoclonal IgG lambda protein.
Two-dimensional transthoracic echocardiogram performed on hospital day 2 revealed a small left ventricular cavity with evidence of severe left and right ventricular hypertrophy. The left ventricular ejection fraction was 55%. Both the left and right atria were moderately to severely dilated. Four-chamber views of the ventricles and atria suggested the possibility of a restrictive cardiomyopathy. There were no reported valvular abnormalities. Right ventricular systolic pressure was estimated at 38 mmHg (normal <35).
A subcutaneous fat pad biopsy to look for amyloid deposition was performed on the third hospital day and was nondiagnostic.
Bone marrow biopsy was performed on the fifth hospital day and was notable for an atypical plasma cell infiltrate accounting for 20-25% of the total cellularity. The plasma cells stained positive for CD138 and demonstrated kappa immunoglobulin and light chain restriction (see Fig. 2 ). Several of the mediumsized vessels were noted to have abnormally thickened walls with intramural deposition of a homogeneous eosinophilic material that demonstrated green birefringence when stained with Congo Red under polarized light.
Right heart catheterization with endomyocardial biopsy was performed on hospital day number 7 (see Table 2 ). Endomyocardial biopsies demonstrated abundant interstitial, subendocardial, and small artery media deposits of amyloid (see Fig. 3 ), which were confirmed on Thioflavin T staining.
The fact that the monoclonal protein in the serum was IgG lambda, but the bone marrow biopsy revealed a predominance of kappa restricted plasma cells raised the possibility that our patient had a monoclonal gammopathy of undetermined significance in addition to a nonsecretory form of AL amyloidosis. The possibility of a hereditary form of amyloidosis was also considered. However, given the advanced state of his cardiac decompensation, further diagnostic testing was deferred in accordance with the wishes of the patient and his family. He was discharged to home hospice and expired 12 weeks after discharge.
DISCUSSION
Amyloidosis refers to a number of different disease entities that share in common the extracellular deposition of insoluble fibrillar proteins in organs and tissues. 1 The 4 major types of systemic amyloidosis are classified by the etiology of the underlying disease and include: Immunoglobulin (AL) amyloidosis, Familial amyloidosis (or hereditary amyloidosis), Secondary (SAA) amyloidosis (or reactive amyloidosis), and Senile systemic amyloidosis. A fifth type of systemic amyloid has been described in patients with chronic renal failure on hemodialysis. [1] [2] [3] [4] AL amyloidosis is the most common type, with an incidence of approximately 8.9 cases per million person years. 5 Amyloid proteins can infiltrate a number of organ systems resulting in a variety of clinical syndromes that differ according to the type of amyloid protein and the organ system involved. Cardiac involvement is most common and most severe in AL amyloidosis, but can occur in all types of systemic amyloidosis. 6 In general, patients with cardiac amyloidosis suffer from a restrictive cardiomyopathy, thought to result from replacement of normal myocardial contractile elements by infiltrative and interstitial deposits of amyloid. This process renders the myocardium firm, rubbery, and noncompliant. 7 Patients commonly present with signs of right-sided heart failure, including an elevated jugular venous pressure, right-sided third heart sound, peripheral edema, and hepatomegaly. 1 Amyloid deposition can also occur in the sinoatrial (SA) and atrioventricular (AV) nodes and in the bundle branches as well, leading to a variety of arrhythmias that seem to be correlated to the severity of heart failure and the abnormalities seen on echocardiogram. 8 Characteristic electrocardiogram features include low voltage in the limb leads or loss of anterior forces consistent with anteroseptal infarction. 5 There have been case reports of intramural coronary artery stenosis and obstruction in patients with amyloidosis and concurrent heart failure, angina, or arrhythmias, 9-12 but many patients with infarct patterns on electrocardiogram do not have major underlying atherosclerotic disease. These infarct patterns may be caused by amyloid-mediated occlusion of smaller intramyocardial arteries. Atrial fibrillation and heart block are also common electrocardiogram findings. 13 When present, symptomatic conduction system disease often follows the onset of congestive heart failure and may require pacemaker placement.
14 A majority of patients will also have an abnormal echocardiogram at diagnosis. Major features include thickened left and right ventricular walls, abnormal myocardial texture, valvular thickening and regurgitation, atrial enlargement, and pericardial effusion. 6 Echocardiogram might also reveal high left-sided filling pressures with a small or diminutive mitral A wave secondary to restricted filling and atrial infiltration. The treatment and prognosis of cardiac amyloidosis directly depends on the underlying etiology of amyloid deposition. However, in general calcium channel blockers are contraindicated because of case reports of worsening left ventricular function in patients with cardiac amyloidosis, thought to be related to their negative inotropic effects. 15 Beta blockers are often avoided for the same reason. 1 Digoxin should be used with caution because it is bound extracellularly by amyloid fibrils, which may cause patients with amyloidosis to be "hypersensitive" to its effects. 16 Angiotensin converting enzyme inhibitors or other vasodilating agents are of varying utility depending on the presence or absence of comorbidities such as the nephrotic syndrome or refractory orthostatic hypotension. Pacemakers may be required depending on the degree of conduction system disease. 1 Some clinicians also advocate treating patients with warfarin with a goal International Normalized Ratio of 2.0-3.0 because of the higher incidence of intrachamber thrombi seen in cardiac amyloidosis, even in the absence of atrial fibrillation. 17 The prognosis for patients with AL amyloidosis is poor. Median survival is 13 months without treatment and can be extended to 17 months with cyclic oral melphalan and prednisone therapy. 18, 19 However, such treatment rarely results in complete remission of disease or reversal of end organ dysfunction because of amyloid deposits. Only 5% of patients survive for more than 10 years. 20 Recently, high-dose intravenous melphalan has been combined with autologous peripheral blood stem cell transplantation resulting in varying degrees of hematologic response, decreased end-organ dysfunction and prolonged survival in some patients. [21] [22] [23] High-dose thalidomide and dexamethasone have been tried as well, but few patients are able to tolerate the toxicity of this regimen. 24 Cardiac transplantation has been used in some patients with Pulmonary artery systolic pressure (mmHg)
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Pulmonary vascular resistance (dyne × s)/cm AL amyloidosis, but long-term survival is less favorable than in patients transplanted for other conditions. [25] [26] [27] [28] Transplantation, however, is an integral part of the approach to patients with familial amyloidosis. Because the abnormal protein in familial amyloidosis is in large part produced by the liver, liver transplantation has become the most important (and only definitive) therapeutic intervention in cases of hereditary amyloidosis. Numerous case studies have documented that liver transplantation halts the neurologic progression of the disease [29] [30] [31] and may even result in improvement. 32 However, after liver transplantation there have been reports that cardiac involvement, as measured by progressive thickening of the left ventricle, valvular thickening, and left ventricular ejection fraction, continues to worsen in patients who have measurable cardiac disease before transplantation. 3, 33, 34 This has prompted some centers to perform combined heart and liver transplantation in patients with cardiac involvement from familial amyloidosis. 35 Figure 3. Endomyocardial biopsy shows abundant interstitial, subendocardial, and small artery media deposits of an eosinophilic substance (small arrows), which was later confirmed to be amyloid by Thioflavin T staining (magnification ×160; hematoxylin and eosin stain). The congestive heart failure resulting from senile systemic amyloid may be more responsive to medical management. 36 described a series of 5 patients with premortem diagnoses of senile cardiac amyloidosis. Four of the 5 patients survived a mean of 26 months after diagnosis and improved from New York Heart Association (NYHA) class 3 functional status to NHYA class 2 with standard heart failure regimens. Although cardiac involvement from secondary amyloidosis is not common, it has been shown to be a marker of poorer prognosis in patients with this disease. Tanaka et al. (2003) 37 looked at a series of 42 patients with rheumatic disease who were found to have secondary amyloidosis. Survival at 5 years was only 31.3% in patients with cardiac involvement as opposed to 63.3% in patients without cardiac involvement. Treatment includes standard heart failure regimens as well as treatment aimed at the underlying disease process.
Considering that the ultimate prognosis and treatment directly depends on the underlying cause of the cardiac amyloid, it is imperative to identify the etiology before beginning therapy (see Fig. 4 ). However, it is oftentimes difficult to distinguish among the various causes of cardiac amyloidosis. Only 85% of patients with AL amyloidosis will have circulating monoclonal proteins in serum or urine. As a result, patients with a clinical picture consistent with cardiac amyloid infiltration but no evidence of a monoclonal gammopathy will require an endomyocardial biopsy to definitively distinguish between AL amyloidosis and familial or senile systemic amyloidosis. 38, 39 Even if a patient has circulating monoclonal proteins, the diagnosis of primary AL amyloidosis is not certain considering that up to 3% of patients over the age of 70 have a monoclonal gammopathy of undetermined significance (MGUS). 40 Lachmann, et al. (2002) showed that almost 10% of patients with presumed AL amyloidosis have evidence of familial amyloidogenic mutations. 41 It is even possible, although extremely rare, for a patient to have both senile systemic and AL amyloid infiltration of the heart. 42 Immunologic testing of tissue samples may help to clarify the diagnosis. Strege and colleagues (1998) demonstrated in a case series of 43 patients with systemic amyloid deposition that the underlying etiology could be determined in most cases by staining tissue samples with antibodies directed against the amyloid fibril proteins AA (secondary amyloidosis), Aλ, Aκ (AL amyloidosis), transthyretin (familial amyloidosis or senile amyloidosis), and AB 2 M (dialysis-associated amyloidosis). 42 It is also possible to use electron microscopy to search for amyloid protein in tissue samples and then to identify the specific type of protein using immunoelectron microscopy with staining for κ, λ, apolipoprotein A1, serum amyloid A (SAA), and transthyretin. 43 These tests are not widely available, but may be helpful in cases where the diagnosis is in doubt. Because familial amyloidosis is caused by an autosomal dominant mutation in the transthyretin gene, it is possible to screen for the most common mutations to help distinguish between familial and AL amyloidosis, especially in cases where there is no circulating M protein. Approximately 100 transthyretin mutations have been identified to date. 44 Genetic testing has become a common part of the diagnostic algorithm at some institutions and has helped to avoid the administration of chemotherapy to patients who had previously been thought to have AL amyloidosis but actually had a familial form of the disease. 41 The clinical picture of syncope, orthostatic hypotension, nephrotic range proteinuria, pseudo-infarct pattern with low voltage on EKG and restrictive pattern on echocardiography strongly suggests the diagnosis of cardiac amyloidosis. As treatment ultimately depends on the cause of amyloid deposition, it is important that clinicians consider the various types of systemic amyloidosis before intiating therapy.
